Nanotechnology is the principally attractive area of research related with production of nanoparticles of variable sizes, shapes, chemical compositions, controlled dispersity and their possible application for human being benefits. Creation, manipulation and utilization of metallic nanoparticles because of the reduction of materials dimensions, affect the physical properties and results in displaying extraordinary chemical, physical, thermal, optical and electronic properties of nanomaterials.\[[@ref1]\] Metallic nanoparticles are presently applied in different fields such as electronics, biotechnology, DNA labeling, drug delivery, cosmetics, coatings and packaging.\[[@ref2][@ref3]\] Among the metal-nanoparticle, silver nanoparticles (Ag-NPs) exhibit tremendous applications in spectrally selective coatings for solar energy absorption, optical receptors, bio-labeling, intercalation materials for electrical batteries, filters, antimicrobial agents and sensors.\[[@ref4][@ref5][@ref6][@ref7][@ref8]\] Silver nanoparticle-embedded antimicrobial paint\[[@ref9]\] is a promising area of environmentally friendly applications. Hence, a variety of techniques including physical and chemical methods have been developed to synthesize Ag-NPs. The physical methods\[[@ref10]\] are highly expensive\[[@ref11]\] and chemical methods are harmful to the environment.\[[@ref12]\] Therefore, there is a growing need to develop the environmentally benign nanoparticle synthesis processes that do not use toxic chemicals in the synthesis protocols.

Green processes with the use of economic, efficient and ecofriendly catalysis are gaining much importance due to the benefits associated with their use. In the recent years, 'green synthesis' of the NPs has paid much more attention in the rapidly growing area of nanoscience and nanotechnology.\[[@ref13][@ref14][@ref15][@ref16]\] Utilization of cheap nontoxic chemicals, eco-friendly solvents and renewable materials are some of the pivotal issues that merit important concern in a green synthesis strategy for nanomaterials. Earlier reports cite the use of microorganism such as *Bacillus koreensis*, *B. subtilis*, etc., and fungi such as *A. fumigates*, *F.oxysporum*, etc., for the biosynthesis of Ag NPs.\[[@ref17][@ref18][@ref19]\] Recently, several plant extracts such as *M. oleifera*,\[[@ref20]\] *E. hirta*,\[[@ref21]\] *C. roseus*,\[[@ref22]\] *S. tumbuggaia*,\[[@ref23]\] and *Diopyros kaki*\[[@ref24]\] etc.

Coconut (*Cocos nucifera* linn): It belongs to the family of *Arecaceae*. Indigenous people of tropical countries use young coconut juice in the treatment of stomach upsets, diarrhea and dysentery. Coconut water contains sugar, fiber, proteins, antioxidants, vitamins and minerals\[[@ref25]\] and provides an isotonic electrolyte balance, making it a nutritious food source. Coconut water is used in place of dextrose\\glucose in medical emergencies. During the World War II, young coconut water was used as an emergency room glucose supply in the absence of sterile glucose; it is also used as an antidote for poisons.\[[@ref26]\] It is used to expel intestinal parasites like tapeworms and *Helicobacter pylori*.\[[@ref27]\] Coconut water is traditionally used as a growth supplement in plant tissue culture/micropropagation.\[[@ref28]\] In this study, we explored for the first time the potential of the *C.nucifera* to enlarge the scope of non-toxic biological systems for the biogenic synthesis of metallic nanomaterials.

Materials and Methods {#sec1-1}
=====================

Collection of coconut water {#sec2-1}
---------------------------

The fresh fruit of coconut was collected from local market. The fruits were washed thoroughly to remove adhered material. Then make a hole to that fruits and collect the coconut water into a clean and conical flask. Then that water was filtered with the help of filtration set and filtrate was collected.\[[@ref29]\] The filtered coconut water was used for further process.

Biogenic synthesis of silver nanoparticles {#sec2-2}
------------------------------------------

Typically, 10 mL of coconut water was added to 90 mL of 1 mM aqueous AgNO~3~ solution for the reduction of Ag+ ions. The mixture were heated to 80°C for 15 to 20 minutes on a steam bath until the color of solutions changes from watery to reddish color was observed. The synthesized NPs were extracted from the solution by centrifugation at 18,000 rpm for 20 minutes by using a REMI ultracentrifuge.

UV-VIS Spectra analysis {#sec2-3}
-----------------------

The reduction of pure Ag + ions was monitored by measuring the UV-Vis spectrum of the reaction medium at 2 h after diluting a small aliquot of the sample into distilled water. UV-Vis spectral analysis was done by using UV-VIS spectrophotometer UV-2450 (Shimadzu).

SEM analysis of silver nanoparticles {#sec2-4}
------------------------------------

Scanning electron microscopic (SEM) analysis was done using Hitachi S-4500 SEM machine. Thin films of the sample were prepared on a carbon coated copper grid by just dropping a very small amount of the sample on the grid, extra solution was removed using a blotting paper and then the film on the SEM grid were allowed to dry by putting it under a mercury lamp for 5 minutes.

EDAX measurements {#sec2-5}
-----------------

In order to carry out EDAX analysis, the coconut water reduced Ag-NPs were dried and drop coated on to carbon film and performed on Hitachi S-3400 N SEM instrument equipped with a Thermo EDAX attachments.

XRD measurement {#sec2-6}
---------------

The X-ray diffraction (XRD) measurements of the coconut water -reduced Ag NPs were carried out on drop-coated films of the respective solutions onto glass substrates using a Phillips PW 1830 instrument operating at a voltage of 40 kV with Cu Kα radiation.

Fourier transforms infrared spectroscopy (FTIR) measurements {#sec2-7}
------------------------------------------------------------

To identify the possible biomolecules responsible for the reduction of the Ag ions and capping of the bioreduced Ag-NPs synthesized by coconut water, FTIR spectroscopy measurements were carried out. Ag-NPs powder sample was prepared by centrifuging the synthesized Ag-NPs solution at 18,000 rpm for 20 min. The pellet which contains Ag NPs was redispersed with sterile deionized water three times to get rid of the unattached biological impurities and remove the free proteins/enzymes that are not capping ligands for the silver nanoparticles. The samples were dried in an oven overnight at 60°C and grinded with KBr pellets and analyzed on a Shimadzu FTIR 8000 model in the diffuse reflectance mode operating at a resolution of 4 cm^-1^.

Results and Discussion {#sec1-2}
======================

UV-VIS Spectra analysis {#sec2-8}
-----------------------

The formation of the metal NPs through the reduction of the aqueous metal ions during exposure to the coconut water can easily be followed by UV-Vis spectroscopy. During the process of the metal NPs reduction, it is well-known that Ag NPs exhibit a watery-reddish color in the reaction mixture, which arises due to the excitation of surface plasmon vibrations in the metal NPs.\[[@ref30][@ref31]\] As the coconut water was mixed in the aqueous solution of the Ag ion complex, it started to change the color from watery to reddish brown due to reduction of silver ion; which indicated formation of Ag-NPs \[[Figure 1](#F1){ref-type="fig"}\].

![Color change of coconut water (*C. nucifera*) containing silver before and after the synthesis of Ag-NPs (a) Before, (b) After](JPBS-6-241-g001){#F1}

The result obtained in this investigation is very interesting in terms of identification of potential coconut water for synthesizing the Ag-NPs. UV-Vis spectrograph of the colloidal solution of Ag-NPs has been recorded as a function of time viz. 10,20,30....120. Absorption spectra of Ag-NPs formed in the reaction media at 10 min has absorbance peak at 423 nm and the broadening of peak indicated that the particles are polydispersed \[[Figure 2](#F2){ref-type="fig"}\].

![UV-VIS absorption spectra of Ag-NPs synthesized from the coconut water (*C. nucifera*) at 1 mM silver nitrate](JPBS-6-241-g002){#F2}

SEM and EDAX studies {#sec2-9}
--------------------

[Figure 3a](#F3){ref-type="fig"} shows representative SEM images recorded from the drop-coated films of the Ag-NPs synthesized by treating AgNO~3~ solution with coconut water. The Ag-NPs formed were predominantly polydispersed shape. It is known that the shape of the metal nanoparticles considerably change their optical and electronic properties.\[[@ref32]\] The SEM image showed relatively polydispersed shape nanoparticle formed with diameter range 70-80 nm. Similar phenomenon was reported by Chandran *et al*.\[[@ref33]\]

![(a) SEM and (b) EDAX image of Ag-NPs formed by coconut water (*C. nucifera*)](JPBS-6-241-g003){#F3}

Analysis through Energy Dispersive X-ray (EDX) spectrometers confirmed the presence of elemental silver signal of the Ag-NPs \[[Figure 3b](#F3){ref-type="fig"}\]. The vertical axis displays the number of X-ray counts whilst the horizontal axis displays the energy in KeV. Identification lines for the major emission energies for silver (Ag) are displayed and these correspond with peaks in the spectrum, thus giving confidence that silver has been correctly identified.

XRD analysis {#sec2-10}
------------

The XRD result shows four distinct diffraction peaks at 38.12°, 44.27°, 64.27° and 76.23°, which are indexed for the planes (111), (200), (220) and (311) respectively of the face centered cubic Ag \[[Figure 4](#F4){ref-type="fig"}\]. This data was matched with the database of joint committee on powder diffraction standards (JCPDS) for silver. Thus, the formation of Ag is confirmed. The additional peak obtained at 30° may be due to the bio-inorganic compounds and protein matters present in the coconut water (as evidenced from the intensity of the Bragg reflections of strong X-ray scattering points in the crystalline phase arise from proteins in the NPs synthesis).\[[@ref31]\] Other minor peaks are due to noise only. The average grain size of the Ag-NPs synthesized by the greener method was calculated using Scherr\'s formula \[d = (0.89λ×180°)/βcosθπ\] and observed as 48 nm. Hence, the synthesized Ag was in nano size only.

![XRD patterens of capped Ag-NPs synthesised using the coconut water (*C. nucifera*)](JPBS-6-241-g004){#F4}

FTIR spectroscopy {#sec2-11}
-----------------

FTIR measurement was carried out to study the interaction of the nanoparticles and to identify the possible biomolecules in coconut water responsible for capping leading to efficient stabilization of the NPs. The intense IR bands \[[Figure 5](#F5){ref-type="fig"}\] are observed at 3398, 1613, 1368, 1213 and 1069 cm^-1^. The bands observed at 3398 and 1613cm^-1^ are assigned to the stretching vibrations of the C-H and C-C bonds, respectively. The broad band at 1213 cm^-1^ is due to C-O and C-H stretching modes. The absorption bands located at 1368 may be attributed to C-H, NO~3~ and C-N stretching modes,\[[@ref34]\] respectively. The bonds or functional group such indicates that\'s. Therefore, it may be assumed that water soluble compounds such as flavonoids, silver nanoparticles synthesized using the coconut water surrounded by some proteins and metabolites such as terpenoids, flavonoides which are capping ligands of the nanoparticles.

![FTIR spectrum recorded by making KBr with synthesized Ag-NPs using the coconut water (*C. nucifera*)](JPBS-6-241-g005){#F5}

Conclusion {#sec1-3}
==========

The bio-reduction of aqueous Ag+ ions by coconut water (*C.nucifera*) has been demonstrated. This green chemistry approach towards the synthesis of Ag-NPs has many advantages such as ease with which the process can be scaled up, economic viability, etc., This environmentally friendly method of biological Ag-NPs can potentially be applied in various products that directly come in contact with the human body, such as cosmetics, foods and besides medical applications.
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